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Cellulose from the Cladophora sp. algae was extracted as described previ- an heat press at 70
• C for 15 minutes, after which it was left to dry at room 113 temperature to yield a black, paper-like material. plastic plates using a paper clip. 
where η is overpotential given by E app − E eq , f = F/RT , i 0 is the exchange 150 current density, α is transfer coefficient and other symbols have the usual 151 meaning [13] . Linearising for small η, we get
The total impedance (Z(ω)) can be written as,
where R ct is the charge transfer resistance, C dl is the double layer capacitance,
154
Q is the CPE and σ is the Warburg coefficient as given below:
However, this set of equations fails to provide a complete description of com-
156
plex electrochemical system, such as those comprising conducting polymers. conductivities of the electrodes (φ ef f ) is given by:
where γ is the Bruggeman coefficient, set to 1.5 in this model, and φ 0 is in the charge balances and material balances (eq. 10-12).
220
Counter ion diffusion of the spherical particle of radius r, is described by 221 the Fick's law according to previous work [34, 35] :
The counter ion concentration is monitored by
with
Charge conservation in the solid phase of each electrode is defined by the
225
Ohms law:
with the following limit conditions at the current collectors
and the null current conditions at the separator:
If φ i (x, t) denotes the electrolyte potential, charge conservation in the elec- trolyte is defined by:
where κ ef f is the conductivity in the electrolyte. The four differential equa-232 tions 6,7,9,12 are linked by the Butler-Volmer equation
In equation 14, j is induced by overvoltage η, defined by the potential differ-234 ence between the solid phase and the electrolyte and equilibrium thermody-235 namic potential U :
where U is a function of the solid phase concentration at the particles. The 280
where C to be 35 F/g from these measurements using:
In Fig. 4b , characteristic PPy oxidation and reduction voltammetric re- 
where D is the diffusion coefficient, R is the radii of diffusing ion and η is the were not used due to that the amount of sucrose then approaches the disso-330 lution limit. (Table 3 summarises the parameters used for the simulation) .
331
All cells were found to give a response similar to that expected for a classical 
360
In this context, it is important to note that since the geometry of the fibrous table 3 ), as previously observed [8] . In this previous study, it 416 was concluded that the frequency for the onset of finite length diffusion was 417 independent of the separator and composite thickness, and ascribed the large 
